The novel repair technique for aortic insufficiency with extensive cusp pathology using autologous pericardium is described. The technique has been used in 19 consecutive patients offering excellent functional results with a large coaptation area. #
Introduction
Aortic insufficiency necessitating surgery is frequently caused by extensive cusp pathology, which is very challenging to repair. For this reason, the number of reconstructive aortic valve and root procedures remains relatively low worldwide. Moreover, aortic valve repair can mostly be identified as a cause of early and late failure, regardless of the technique used for root repair [1, 2] ; therefore, special attention should be paid to the cusp pathology and cusp surgery. This novel repair technique for aortic cusps suffering extensive pathology is described as performed in 19 consecutive patients between October 2008 and April 2009.
Technique
Intra-operative trans-oesophageal echocardiography was performed in all patients to assess the function of the aortic valve and to recognise its pathology. The ascending aorta was opened transversely at the level of the sino-tubular junction leaving a small part of the aortic wall above the left coronary ostium untouched or even transected completely if ascending aorta replacement was necessary.
The pathological cusp was identified and excised, leaving its free margin of about 1-2 mm wide in place (Fig. 1) . A piece of pericardium was resected and fixed in 0.625% glutaraldehyde solution for about 5-6 min. For evaluation of the cusps, a temporary 7/0 polypropylene suture was placed, passing through the nodules of the aortic valve. This facilitated evaluation of the cusps, identification of the prolapse and determination of the appropriate length of the free margin of the cusp that had to be repaired. The cusp's free margin was measured with a thick yarn. If the free margin was elongated, which is most often the case in cusp prolapse, the length of the free margin between the commissures opposite the prolapsed cusp was measured (Video 1). A half-moon-shaped patch was separated from the pericardium according to the length of this yarn. The accurate determination of the patch height is not necessary; however, the patch must not be too short. The patch was sewn to the aortic annulus with a 5/0 polypropylene running suture beginning at the nadir of the sinuses and continuing towards the commissures. At the top of the commissures, the sutures were secured with a slip knot at the aortic wall, and the excessive patch material was trimmed along a straight line between the commissures, ensuring an appropriate height of the neo-cusp. Again, no other determination of the cusp height is necessary. Then, the free margin was affixed to the edge of the patch with multiple single 6/0 polypropylene U-stitches, starting from both commissures. In this manner, the neo-cusp is firmly anchored at the commissures and the adjustment of the free margin is facilitated. The elongated native free margin can be shortened to the proper length by plication or, as demonstrated, by partial excision (Video 2).
Between October 2008 and April 2009, cusp repair as described was performed in 19 consecutive patients with complex cusp pathology (prolapse, fenestrations, shrinking, etc.) of the tricuspid aortic valve. Fourteen patients suffered from moderate-to-severe (3+) and five severe (4+) aortic insufficiency. In 15 cases, the repair was limited to a singular cusp, which was most often the right-coronary cusp (10 cases). Additional restoration of the aortic root using an indigenous single-patch technique [3, 4] for repair of one, two or all three sinuses of Valsalva was performed in five, one and three patients, respectively. Concomitant surgeries were arch repair, coronary artery bypass grafting, mitral valve repair and closure of atrial septal defect in three, two, one and one patient, respectively. The median cross-clamp time was 109 min and ranged from 75 min for isolated aortic valve repair to 193 min for a very complex surgery. All patients survived the surgery and were discharged. In all cases, echocardiographic examinations before discharge and 3 months after surgery revealed competent valves with smooth movement of the cusps and a mean coaptation height of 7.5 mm (Fig. 2) .
Discussion
Increasing the sinus depth is one of the most important goals in surgery of aortic insufficiency. Previously, a basal cusp enlargement has been described and has been used for increasing the coaptation area [5] . In complex cusp pathology containing fenestrations, shrinking, folding, etc., the complete body of the cusp or cusps can be repaired using an autologous pericardium, in which leaving the native free margin as a frame for the patch is a crucial aspect of the technique described. As demonstrated here, this technique facilitates determination of the proper size of the neo-cusp even in patients with cusp prolapse and free-margin elongation and ensures reinforcement of the neo-cusp free margin and anchoring of the neo-cusp into the patients' commissures (Videos 1 and 2). Consequently, this one technique can replace multiple methods; for example, valve down-sizing, cusp free-margin shortening and closure of fenestrations, which have to be combined to repair extensive cusp pathologies. The favourable results of the series presented and the number of cases performed during a relatively short time indicate that there is still potential to increase the frequency of reconstructive aortic valve surgery. 
